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FOREWORD 

This report is the sixth in a series aimed at improved efficiency and 
lowered costs in the local marketing and packing of deciduous fruits. The 
present report deals with a segment of the packing house operations—-the 
transportation of fruit and materials at the packing house. 

In studies of costs in a number of California apple and pear packing 
plants, the labor cost of in-plant transportation varied from $1.10 to 
$0.209 per 1,000 pounds of fruit received; these amounts represent, respec- 
tively, 16.1 per cent of the total direct labor in the high-cost plant and 
3.7 per cent in the low-cost plant. This range in costs suggests that im- 
portant savings in the cost of in-plant transportation are possible. 

This report is designed to aid packing house managers in making deci- 
sions as to the adoption of changes in transportation equipment and methods. 
The report presents time requirements for the performance of various trans- 
portation jobs; estimates of season transportation costs in a model packing 
house operated with a variety of work methods and types of equipment; and an 
evaluation of the effect on relative transportation costs in hand-truck and 
fork-truck plants if certain of the rates affecting costs are changed. 

These studies were made cooperatively by the Giannini Foundation of 
Agricultural Economics, California Agricultural Experiment Station, and the 
Bureau of Agricultural Economics, UJ. S. Department of Agriculture. They 
were made under authority of the Research and Marketing Act of 196. 
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Efficiency in Fruit Marketing 


IN-PLANT TRANSPORTATION COSTS AS RELATED TO MATERIALS 
HANDLING METHODS--APPLE AND PEAR PACKING 


L. L. Sanmet2/ 
INTRODUCTION 

A casual observation of the work performed in packing fresh fruit in- 
dicates that much of it consists of moving fruit and materials from one point 
to another in the packing house. Several different types of equipment are used 
for this purpose. These include hand trucks, powered trucks (fork trucks and 
powered hand trucks), and various forms of gravity and powered conveyors. Apple 
packing plants in the Northwest--and California citrus packing houses--use a 
floor chain conveyor that will transport lugs or boxes in stacks (Figure 1). 

Load capacity varies considerably with the different types of equipment 
and with the type of material transported. For example, in transporting full 
field lugs, the load sizes observed varied from 5 to 6 lugs with hand~truck 
equipment and from 30 to 2 lugs with fork-truck equipment. In transporting 
empty standard packing boxes, the load sizes observed ranged from 1 to 21 | 
boxes with hand trucks and from 72 to 96 boxes with fork trucks. Observed load 
sizes for various types of equipment and materials are summarized in Table l. 

The use of radically different types of equipment--such as described 
above--may result in large differences in costs. The important differences in 
costs are evaluated in this report. 

In the cost comparisons which follow, only the costs of labor and equip- 
ment are considered. This ignores an important aspect of the problem--the 
basic difference in building requirements for the hand-truck and fork-truck 
plants. In the hand-truck plants, the building usually is of wood frame con- 
struction, with a wood floor constructed at truck-bed height. Roof supports 
are spaced a moderate distance apart, say 20 to hO feet. The usual construc- 
tion in the fork-truck plants, however, consists of a concrete slab floor at 
ground level, concrete sidewalls, and a relatively long-span roof construction, 
say 75 to 100 feet. 


mmm meme 


1/ L. L. Sammet is a Cooperative Agent of the California Agricultural Experi- 
ment Station and the Bureau of Agricultural Economics, U. S. Department of 
Agriculture. 
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Figure 1. Equipment for transporting fruit and materials in apple and pear packing plants. 


Upper left: Power conveyor for packed fruit. 

Upper right: Floor-chain conveyor for stacked boxes or lugs. 
Center: Hand truck. 

Lower left: Powered hand truck. 

Lower right: Fork truck. 





TABLE 1 


Effect of Type of Equipment and Type of Material 
on Size of Load per Trip 


Type of equipmen 
Fork truck and 
or powered 
hand truck 





Material moved 


Cannery lugs: 
Empty 
Full 


Field lugs; 
Enpty 
Full 


Packed box: 
Los Angeles lug, empty 
Los Angeles lug, full 
San Francisco lug, empty 
San Francisco lug, full 
Standard box, empty 
Standard box, full 


Shook (pieces): 

Los Angeles lug, bottom 
Los Angeles lug, head 
Los Angeles lug, side 
Standard box, bottom 
Standard box, head 
Standard box, side 
Standard box, lids 


a/ Estimated. 


The differences in building design introduce several factors that affect 
building construction costs and therefore should be considered in a comparison 
of transportation costs with fork-truck and hand-truck equipment. Factors 
tending to increase the building cost for the fork-truck operation include the 
higher unit costs for wall and roof construction in the fork~truck plants and 
the need for a much larger--and usually better surfaced--area of pavement ad- 
jacent to the building for loading and unloading highway trucks. On the other 
hand, construction costs per unit area for a concrete floor slab at ground 
level are lower than for a wood floor supported above the ground; also, the 
roofed area in the fork-truck plant can be smaller because pallet loads of in- 
coming fruit, empty boxes, shook, etc., can readily be stacked several tiers 
high. 
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Estimates of replacement costs for buildings indicate that the differ- 
ences in building requirements for the hand-truck and fork-truck plants 
balance fairly well from the standpoint of costs. This is particularly true 
if the building costs are estimated in terms of annual charges which reflect 
building expenses such as depreciation, repairs, and so on. For example, the 
1950 replacement cost of the building for a plant of 45,000 pounds per hour 
capacity is approximately %62,000 if designed for hand-truck operation, and 
$73,000 if designed for fork-truck operation. The estimated annual cost, 
however, is $6,500 for either building. 2/ 

From the above estimates, it appears that differences in building con- 
struction costs--especially when considered in terms of annual fixed cost-- 
are not important. They are omitted from the comparisons that follow. This 
permits concentration on labor and equipment requirements and costs as af- 


fected by transportation equipment and methods. 


TRANSPORTATION LABOR COSTS IN SAMPLE PLANTS 

The effect of type of equipment on the labor costs of in-plant transpor- 
tation is illustrated in the summary for 15 California apple and pear packing 
plants given in Table 2. The table shows for each plant the types of equip- 
ment employed in the transportation of incoming fruit, fruit not packed 
(culls and cannery), and packed fruit. It also shows--in terms of cost per 
1,000 pounds of fruit received--the labor cost for transporting each category 
of fruit, the total cost of transportation labor, and the cost of total direct 
labor, including supervision. To permit interplant comparisons, the costs 
were computed on the basis of an 8-hour workday at rates of output typical 
for each plant and with labor costs in each plant adjusted to reflect uniform 
wage rates typical for the industry. 

In the hand-truck plants, labor costs for transportation varied from 
$0.645 to $1,140 per 1,000 pounds of fruit received. In the partially 
mechanized plants, the range was from $0.353 to 40.637 per 1,000 pounds re- 
ceived, and in the fully mechanized plants, the range was from $0.209 to 
$0.338. Contrasting the high- and low-cost plants, we find transportation 
labor costs to be more than five times higher in plant L than in plant P. 


2/ For a detailed analysis of building costs, see Building and Equipment 
Costs--Apple and Pear Packing, Mimeographed Report No. 141. Giannini 
Foundation of Agricultural Economics, University of California. 
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TABLE 2 


Selected Costs for Total Direct Labor and for In-Plant Transportation Labor 
in 15 California Apple and Pear Packing Plants 
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Q FT HT FT 9.5 -310 | .015 !.1h2 -467 | 6.258 7.5 
S HT HT} C 6.7 


fed "192 | 2137 |loake/| 1353! 5.298 


Mechanized transportation 


ole | 





a/ Computed on the basis of 8-hour days, with typical hourly rates of output. Labor 
costs adjusted to reflect uniform wage rates typical for the industry. Costs ad- 
justed to eliminate labor costs in cold storage or precooling operations. 


b/ Abbreviations: HT = hand truck; FT = fork truck; C = power conveyor. 


c/ All direct labor, including packing, boxmaking, and labeling; also, direct 
supervision. 


a/ Apole packing plants. 

e/ Labor cost for diverting fruit of different size grade, different label, or dif- 
ferent type of package to separate conveyors leading to different cars, or to 
route a portion of the fruit directly to cars, with the remainder going to cold 
storage or to a precooler. 


£/ Part of receiving operations performed by hand truck. 
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Expressed in terms of the transportation labor cost per standard box packed in 
these plants, this range is from $0.012 to $0.071 per standard box. Compari- 
sons eaually striking can be made for the transportation costs applicable to 
the cannery and cull fruit. 

Compared to total direct labor, the labor cost for transportation amounted 
to 16.1 per cent in plant L and only 3.7 per cent in plant P. 

From Table 2, it appears that mechanization of the transportation opera- 
tions can result in large savings in labor cost. Before reaching any conclu- 
sions as to the relative economy of the different types of equipment, however, 
many additional factors must be considered. An obvious and important factor 
is the cost of equipment. To purchase a fork-lift truck requires roughly 50 
times the outlay required to purchase a hand truck. This difference, as well 
as differences in labor and equipment operating costs, must be taken into ac- 
count in a comparison of costs and efficiency in their use. Other important 
factors include: (a) the plant layout as it affects transport distance; (b) 
the size of load transported per trip; (c) the amount of inactive time--that 
is, the time spent in rest periods and in unavoidable delays--and a closely 
related factor, the "indivisibility" of workers and equipment units; (d) 
whether cold storage or pvrecooling operations are performed by the packing 
house; (e) the effect of the type of transportation equipment on the type of 
buildings required and on their cost (see page 1); and (f) the length of the 
packing season and the hourly rate at which fruit must be handled. If com- 
parisons were made in terms of actual costs rather than "standardized" costs 
such as presented in Table 2, differences in wage rates in the various plants 
and day-to-day variations in rate of output in each plant would also be impor- 
tant. 

Thus, many of the factors affecting transportation costs relate to con- 
ditions within a particular plant. The nature of the variations between 
plants makes it very difficult to judge their effect on actual costs. Con- 
clusions drawn from plant cost records may easily be misleading, even when 
the costs are standardized to the extent that they are in Table 2. For these 
reasons, the comparisons of in-plant transportation costs which follow are 
made by means of estimates of costs with different types of equipment when 


used in typical, or "model," plants. 
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7. 
ESTIMATING TRANSPORTATION COSTS 
There are two categories of transportation costs. One includes the an- 

nual charges--or, fixed costs--for equipment, which are to a large extent in- 
dependent of hours of use per season. A second category includes the costs 
directly associated with use, such as the cost of overating labor and fuel. In 
the following discussion, data regarding fixed costs are presented, and this is 
followed by the development of methods for estimating direct costs. Estimates 
of direct and fixed costs are then combined to obtain estimates of total season 


transportation costs. 


Fixed Costs 

Fixed costs for equipment might be described as the "costs of ownership." 
These include taxes, insurance, repairs, interest on the investment and depre- 
ciation. A precise value for the fixed costs is impossible to secure before 
the equipment is finally disposed of. There is a large degree of uncertainty 
as to the physical life of the equipment, the possibility that it may become 
obsolete before actual wear-out, possible salvage value at the end of the use 
period, and the necessity of forecasting appropriate rates for taxes and other 
costs. 

In actual accounting practice, moreover, depreciation costs usually are 
lumped together with allowances for the normal risks relating to future trends 
in costs and product prices. The cost rate this obtained forms the basis of 
decisions as to whether investment in new equipment should be made; it often 
is the rate actually charged once the new equipment is acquired. 

If the costs of equipment are associated with actual use life--that is, 
leaving for a separate accounting any charges attributable to risks--deprecia- 
tion rates appropriate for the types of equipment used for in-plant transporta- 
tion might appear as in Table 3. In this table, depreciation rates are computed 
from the estimated service life of the equipment and are given as the percentage 
of the original value that is written off each year. Similarly, percentage 
rates commonly used for insurance, interest, and taxes are given. A percentage 
rate for a part of the repair expenses also is included as a part of the annual 


fixed dines 


3/ Repair costs are properly attributable to both time and use. For example, 
the deterioration of hydraulic hose, electrical wiring, and batteries, and all 
forms of corrosion are to a large extent a function of time. In fact, some 
such types of deterioration are accelerated by idleness. Other forms of wear 
increase with use. In this report, a fixed annual repair cost is estimated as 
indicated above. In addition, a direct repair expense is included at the rate 
of 0.5 per cent of the replacement cost per 100 hours! use (see Table l.) 





ant dnsdxe ‘oatsl 8 og ots de tee aoe ‘itlacctiesd ext? _ctobmesyieio fiuin 
“etaos ent asbufoni ywiogedso bpoose & «forbes oq ser ‘to expan to tnebheqeb 
peal -Ley't brie todal giiiveroce to Sego eit es dope .seu dtiw hetsigoras ylssetih 
| ef etit brs ,betnoasiy 913 ateoo bexkt gntbrige1 stab ~nofeevoeibh gatwollot oAd 
agtemitell  adaeo Joetib gnivsmives tot eaboritom io snomqolsveb ad¢ Yd bewolfct 
 moeiee ietos to aetsmites ateatdo o¢. beridmoa asdt ots edeos bextt bas gosttb to 
.edaoo. toitbttogadstt | 





Rheem Yo adeoo" eff es ietitek« ed radekh drsmakops “ot ataos bexk® 
_ ~ergeb bas tnemtaavat sett no destsdnt .~etisgqet .sonmiweni .esxst ebylont seonT 
" st0ted stucon of uldicsoam: eb afsoo bexlt edt tot enfsv sstosiq A .tokteto 
. Nomkedroon to sesgob egisl s ef ous? ,to besowath ylisnit ef dnsmoinpe oft 
pe ysm di sede ydilidtesoq. ont. sdtomotiipe add. to sttt L[esteyil oft of es 
oe edt to bso oft fa sufat agevi se, afdteeog .tuo-tag3 Isutos: st0'ted ateloado 
| Adio DAB ROxXSf tol aster. asa brqouqas Qiitesostol to yeteasven oft bas ,bolteq 
2edB09 

sis vifeves ateos nottsiosigeb ,1svogtom ,doivosiq gaitnvooos Isutos at 
-_ ebroat siutst off galvelet | plats femro onlt-rot asotswolle Atiw reiteyot -beonuf 
 %o efesd ent earto't henistdo enid eter da00 sdT. .zeotig tovbota bas eteoo ni 
Neto Ft vobam od piyoria dnamakvpe won nt dnamtesvnt vtotlterw of es aroletvsb 
: shottupos af dnomdivpe wen ond sorto begreds ylfsados atex odt et 
«ak seiderolil sey [eutos ddby beBicones ots daemainpa to eteoo odd TI ; 
3. Sbe-eilait ot oLdstudiises @auisdo yas. gnitouopos steisase 8 Tot goivest 
‘Guth tert tnsfg-ni tot beax, dnemetupe to meqyd sd 10% etsingorags aetst aokt 
eo aligns: 918 ests noktatoorqob ~oidsd eidd nt .€ olds? nt es weds Sdgia sols 
a - sgsinaotsg ed¢ 28 asvig s1s bas Jnemqtvps st to olt{ ooivies batamites edt mort 
. : egssns919q eultarimee wtsoy dose tto nedtizw ef sedt odfsv [entgtto sit to 
ap sgstasorteq A nek. ets eexst bas .feetedai .sonswent sof bods yimomnoo esdst 
Leon odd to t18q 8 es babufomt et nels esansexs wtisqe ant to ¢asq 6 sot ods 
XE, oersita hexit 









30 





ee — ee ee ee eee Se ee ee ae ee ee te 


“ES 18% ca bas emis dted.o¢ wisn eExeeiorer ons eteoo siscot \E 
: Bayete asalinestsad bis .gaittw Lisstttosle. eco otiussbyd Yo aob¢eroiredeb srt 
shoe ,tos't el .emtd To moitonpt a dnedxe eg! a od ots mdteotion ‘to eirrot 
page ‘to ‘@mro] toitO ,aaenaibr yd bsdatelsaos sx sottsrolyedeb to aoqyy singe. 
itgas et dao stsqet fecnns boxtt & ,dtoget eidt at .seu ddiv sessront 
2% ? ont #8 bobuiont et senoqxe tisget doetib 8 wis ibbs nl ..avods hadsotbrtt 
Wey SS oe ofdsT soe) sew.tanvod OOL s9q¢ de0n énomeonfgot ont “to tnso req 2.0 to 














TABLE 3 
Annual Fixed Cost of In-Plant Transportation Equipment, 


as a Percentage of Replacement Cost 


| Annual charge as a percentage 
of replacement cost 





Estimated Insurance, 
a Deprecia- b/ interes ij 
Type of equipment tion Repairs— taxes— Total 
Conveyor: 
Gravity 20 | 5.0 1.5 11.5 
Powered 15 | 6.7 | 1.5 | 5.0 13.2 
Hand truck 15 | 6.7 1.5 | 5.0 13.2 
Fork truck 10 | 10.0 1.5 | 5.0 16.5 
Powered hand truck| 10 10.0 foo 28 5.0 16.5 
| 
Pallets 10 10.0 | 1.5 5.0 16.5 | 





a/ Estimated (actual service) life, taking account of seasonal operation (1 to 3 
months per year). Assuming no salvage value at end of use period. 


“b/ An additional amount for repairs is included with the direct costs. This 
direct repair cost is estimated as 0.5 per cent of replacement cost per 100 
hours of equipment use per season. 


c/ Insurance 1.0 per cent; taxes 1.0 per cent; interest 3 per cent (interest at 
3 per cent equal to approximately 5 per cent on undepreciated balance). 
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9. 


When apvlied to the replacement cost, the rates given in Table 3 provide 
an estimate of fixed costs for equipment. For example, the estimated replace- 
ment cost of a gas-engine fork truck of ,000-pound capacity at the 1950 price 
level is approximately $3,300, and the replacement cost of the necessary 
pallets would approximate $)0.—" Using the percentage annual charge from 
Table 3, the estimated annual fixed cost for a fork truck and the associated 


pallets would be: 


Fork truck: $3,300 x 0.165 = $55 
Pallets: Ox 0.165 = _73 
Total: #618 


Estimated replacement costs and annual fixed charges for various types of 


transportation equipment are summarized in Table h. 


Direct Costs 

Direct costs for the transportation equipment include the labor cost of 
the operator, repair costs directly attributable to use, and--with powered 
equipment--operating costs such as gasoline or electric power. These costs 
vary with the kind of equipment and the particular plant. The rates used are 
typical of those observed in the plants studied, except for repair costs. 
Data on repair costs are very inadequate, and direct repair costs are esti- 
mated as 0.5 per cent of the replacement cost per 100 hours of use. This 
estimate of direct repair cost is in addition to the provision for repair ex- 
pense as a part of the fixed annual charge given in Table 3. Direct costs 
rates for various types of in-plant transportation equipment are summarized 
in Table ). For example, direct costs per hour of operation for a gas-engine 
fork truck of ),000-pound capacity are given as: lebor, $1.30; gasoline and 
oil, $0.15; direct repair costs, $0.165; total direct cost, $1.615 per hour.. 


Total Costs 
Total transportation costs per season for a given type of equipment are 
the sum of the annual fixed charge for the equipment and the total direct 
cost for the season. For example, the total season costs for hand-truck or 
fork-truck equipment are estimated on page 11 for seasons of 100 and 300 hours 
in length: 


L/ Equivalent to approximately 125, )O" x 45" pallets... This provides about 
13 pallets per 1,000 pounds of fruit run per hour. If the frequently used prac- 
tice of continuous loading of packed fruit in cars is assumed, no pallets are 
"tied up" in cold storage or precooling operations, and--assuming that pallets 
for cannery fruit are furnished by the cannery firm--this number of pallets 
would be adequate for 14 to 2 days'run without reuse of any field pallets. 
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10. 


TABLE 


Direct and Annual Fixed Cost of In-Plant Transportation Equipment 









































Fixed costs ~ Direct costs 
Annual 
Replace-| charge 
ment A a per- 
cogy centage g Anmal - 
Item new’ |cost new charge | Repairs—| Power] Labor| Total 
rdotlars | per cent |dollars| dollars per hour __| 
Conveyor: 
Side wheel, gravity, ; d 
8-foot section 25 | 11.5 2.90} 0.001 -- 0.001 
Roller, 10-foot sec- a/ 
tion 58 11.5 6.70) 0.003 -- —" 10.003 
Power, 12-inch belt o | 
steel rolls, 20-foot e/ a/ 
section : 480 | 13.2 63.0} 0.02) 0.02= — 10.0hh 
Power, 12-inch belt o 
steel rolls, 100-foot | ef a/ 
section 1,200 | L332 158.0! 0.060 0.03— — 10.090 
Power, 12-inch belt on 
wood rolls, 20-foot | | | af a/| 
section 30 13.2 56.80} 0.022 0.02= — 10.02 
Power, 12-inch belt on | 
wood rolls, 100-foot | £/ a/ 
section 970 L3«e 0.08 0.03— — |0.078 
Hand truck, each 66 | 13.2 | 0.003 -- {1.25 |1.253 
Fork truck (l,000-pound | | 
| capacity, gas engine), | | 
| each 3,300 ; 16.5 Slt. 50| 0.165 
Powered hand truck, each| 1,600 | 16.5 enn 0.080 
Pallets, each 3.5 16.5 0.60; 0.0002 






a/ Approximate cost installed, 1950 price level. 
b/ See Table 3. 


c/ Direct repair cost is estimated as 0.5 per cent of replacement cost per 100 hours 
of equipment use per season. 


a/ Although no labor cost is incurred in operating a conveyor, some associated labor 
must be considered in analyzing costs. Thus, transportation of packed fruit by 
conveyor may require the services of a "conveyor man" to route fruit at a 
switching point to several different conveyors (see pages 5 and 25). Also, "set 
off packed fruit" at a lidding machine is a labor cost element that enters into 
the comparison of costs with conveyors for packed fruit and other types of equip- 
ment. 


e/ Cost of electric power. Does not include labor cost for hand transfer of packed 
boxes to, or from, conveyor. 


£/ Includes cost of gasoline and lubricating oils. 
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ll. 


Total season cost 
Fork truck Hand truck 


Hours of operation per 
season AGO. 300. } 100. 


Annual fixed charge 6182/ $ 6182/ $ 9 


Direct cost per 
season: 
Labor 
Repairs 


Total cost per season | $780 $1,103 





a/ Including cost of pallets. 


The total season cost divided by hours of operation per season gives the total 
cost per hour. In the fork-truck plant, the total cost with 100 hours' opera- 
tion per season is $7.20 per hour per truck and with 300 hours' operation per 
season is $3.70 per hour per truck. In the hand-truck plant, the hourly costs 
are, respectively, 1.35 and #1.28. These figures show that for a given type 
of equipment the total cost per hour decreases as the length of season in- 
creases, also, that the difference between the cost per hour for fork trucks 
and hand trucks decreases as hours of operation per season increase. These 
effects are the result of spreading the fixed costs over a larger number of 


hours of operation as the length of season increases. 


Requirements for Transportation Crew and Eguipmente/ 


Only two types of jobs are considered in the analysis that follows. These 
are the setoff and stacking of packed boxes after lidding and the operation of 
various kinds of trucking equipment. 

In estimating the costs for the trucking operations, we must consider the 
requirements and costs for equipment as well as for labor. Both of these are 
affected by the type of equipment used, the size load carried per trip, and the 
distances traveled. For each tyne of truck, the initial step is to estimate the 
labor required to transport a given quantity of fruit. The procedure for hand- 
truck equipment is illustrated as follows. 


5/ For a more complete presentation of procedures and data for estimating 
transportation crew requirements and costs, see Appendix A. 
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Suppose that fruit is packed in standard boxes of )8 pounds net weight 
each at the rate of 30,000 pounds per hour. With a hand truck, the packed 
boxes are transported in stacks 5 boxes high a distance of 35 feet to a tem- 
porary storage. Studies of hand trucking in actual plants indicate that an 
average time of 0.529 minutes would be required per trip. With 20 pounds 
transported per trip, l|.17 trips are required to transport 1,000 pounds of 
fruit; and the labor required is 2.20 man-minutes per 1,000 pounds. To trans- 
port 30,000 pounds of fruit per hour would thus require 66 man-minutes, or 
slightly more than the capacity rate of one trucker. 

A similar procedure is followed in estimating the labor requirements for 
the entire plant. First, the requirements for each element of the transporta- 
tion operations are estimated. The sum of the labor requirements for indi- 
vidual operations then represents the requirements for the entire plant. The 
results of this procedure are illustrated in Table 5, in which estimates are 
given of the trucking labor required in a typical hand-truck plant. In this 
plant, the rate of operation is assumed to be 0,000 pounds of fruit run per 
hour, of which 30,000 pounds per hour are packed, and the remainder consists 
of cannery fruit and culls. 

TABLE 5 


Estimated Net Trucking Labor Requirements for In-Plant Transportation 
in a Hand-Truck Plant of 0,000 Pounds per Hour Capacity 






Time required per 
1,000 pounds 
of fruit run 












Operation 







| Receiving: unload grower's truck and transport 
| full field lugs to dumper via temporary storage; 
| 







transport empty lugs to grower's truck via tem- 
porary storage 


Cannery and cull fruit: unload truck and trans- 
port empty lugs to cannery station via temporary 

storage; transport full lugs to truck via tem- 
porary storage 1.74 









Packed fruit: transport packed fruit to truck 
or car via temporary storage 3.55 


Shook and boxes: transport shook to boxmaker 
and empty boxes to storage and return 


Total time per 1,000 pounds run 
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In Table 5 each job grouping involves several individual time estimates. 
The estimate for receiving, for example, represents the sum of four separate 
items: unloading the grower's truck and transporting the incoming fruit to 
a temporary storage; transporting fruit from the temporary storage to the 
dumper; transporting empty field lugs from the dumper to a temporary storage; 
and loading the grower's truck with empty lugs. Estimates for the remaining 
job categories involve a similar procedure. The sum of such estimates for 
individual operations is 13.8 man-minutes per 1,000 pounds of fruit run. 

In addition to the jobs specified in the above estimate, there are mis- 
cellaneous transportation jobs, such as hauling lids and wraps, unloading 
shook, and moving between different transportation jobs that are too irregu- 
lar and too minor to estimate in detail. Studies of materials handling in 
the packing houses indicate that this miscellaneous work amounts to roughly 
10 per cent of the work included in the detailed estimate given above. With 
this addition to the above estimate, the total transportation labor require- 
ments are 15.2 man-minutes per 1,000 pounds of fruit run. This, however, is 
the net working time to which must be added allowances for rest periods and 
for unavoidable delays. Based on the usual allowance of two 10-minute rest 
periods per 8-hour day, the rest time amounts to h.2 per cent of the total 
working time. The unavoidable delay is difficult to estimate and varies 
from plant to plant. In the studies of transportation in different plants, 
the actual delay observed for transportation workers ranged from 15 to 0 
per cent of the total work time. If 15 per cent unavoidable delay is taken 
as a practical minimum and this figure is combined with the allowance for 
rest, the total unproductive time is 19.2 per cent of the total work time. 
Using a rounded figure of 20 per cent total unproductive time, the trucking 
labor required to handle 0,000 pounds of fruit per hour in this example then 
is 760 man-minutes per hour. This is equivalent to the employment of about 
13 truckers. 

A similar procedure is followed in estimating the labor required to set 
off and stack packed boxes after lidding. For this job, the net productive 
time indicated by studies in several packing houses is 0.105 minutes per box. 
To set off 1,000 pounds of fruit in standard boxes of 8 pounds net weight 
each requires (1,000/)8)0.105 = 2.19 man-minutes. This is net productive 
time. If the allowance for rest and unavoidable delay is 20 per cent of the 
total work time, the gross labor required is 2.73 man-minutes per 1,000 pounds. 
For a rate of packing of 30,000 pounds of fruit per hour, the total setoff 
labor then is (30 x 2.73) = 82 man-minutes per hour. In this case, the labor 
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actually supplied is two workers, unless it is possible to employ part of the 
setoff worker's time on some other operation--for example, supplying lids to 
the lidder, applying shipping stamps, etc. 

At the cost per worker previously noted of $1.25 per hour, the cost of 
the setoff operation for packed fruit in this example is $2.50 per hour of 
plant operation, assuming that two workers are assigned full time. 

From the estimate of transportation requirements given above, an esti- 
mate of total season cost for the trucking and setoff operations can be made. 
Using the cost rates given in Table ); and assuming 300 hours of operation per 
season, the estimated season costs would be as follows: 


Direct costs 


Setoff labor (2 setoff men 


at $1.25 each): $ 750 
Trucking labor (13 truckers 
at $1.25 per hour each): 875 


Equipment repairs (13 hand 
trucks at $0.003 per hour 
each) + 13 


Fixed costs 


(13 hand trucks at $9.00 per 


year per truck) 117 
Total cost $5,755 


Similarly, total costs can be estimated for different lengths of season and 


for different types of equipment 


TRANSPORTATION COSTS IN A MODEL PLANT 

As previously noted, comparisons of transportation costs with different 
types of equipment are made in this report primarily in terms of estimates of 
cost in typical, or "model," plants. The cost estimates for the various 
methods are developed, in the manner just described, from basic time require- 
ments: for various operations and from estimates of the fixed and direct costs 
applicable to various types of equipment. 

The models used are designed as examples of relatively efficient plants 
but do not represent an "ideal" plant organization. They consist of a basic 
plant organization in which the arrangement of equipment, the types of opera- 
tions, and certain other factors are standardized.— These elements are then 


6/ For a detailed specification of the model plant, see Appendix A. 
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held constant, while certain variations in transportation methods are studied 
to determine their effect on costs. The design of the model follows closely 
that of typical operating plants and reflects the requirements for in-plant 


transportation represented in the simplified process diagram, Figure 2, page 18. 


The Model Plant 
Selecting only the transportation jobs shown outside the shaded area in 
Figure 2, the standardized, or "model," plant on which the cost comparisons 
are based may be specified as follows: 


1. All incoming fruit is unloaded and transported to a temporary 
storage, then to the dumping station; empty lugs (stacked by 
the dumper) are transported to a temporary storage, then to 
the grower's truck. 


2. In a similar manner, empty lugs are transported from the 
cannery truck to storage, then to the cannery setoff, from 
which the full lugs are transported first to storage, then 
to the cannery truck. 


3. Packed fruit is set off and stacked at the lidder, then is 
trucked to a railroad car or highway truck for loading. 


h. Comparable operations are carried on for shook, empty packing 
bexes, and other packing materials. 


The analysis does not include the transportation jobs shown within the 
shaded area in Figure 2. The operations omitted are the conveying of fruit 
from the dumping station to the sorters and from the sorters to the packers 
as this is a highly standardized operation in all plants. On the same ground, 
we omit the conveying of packed fruit from the packers to the lidder. Another 
omission is the delivery of empty boxes to the packers. This operation will 
be considered in a later report. 

The transportation cperations included in the model are illustrated in 
Figure 2 and are specified in detail in Table B of the Appendix. For example, 
in regard to unloading the grower's truck, the average transportation distance 
to the temporary storage is specified as 50 feet, and the size of load is 
specified as 6 lugs per trip. For the same operation, but with -fork-truck 
equipment, the distance is given as 100 feet and the number of boxes hauled 
per trip as 36. Similarly, load sizes and transport distance are specified 
for the other operations. 

The proportion of fruit handled as packed fruit is specified as 75 per 
cent of the total amount received, with 25 per cent diverted to cannery and 
culls. A further provision is that 80 per cent of the empty packing boxes go 
directly by conveyor from the boxmaker to the point of supply to the packers, 
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while 20 per cent of the empty boxes are transported to a temporary storage 
and later returned to the packer supply point. In the model, the latter 
quantity of boxes is all that is considered in estimating transportation 
costs as those conveyed directly from the boxmaker to the packer supply point 
involve no additional transportation labor. In addition, costs estimates de- 
rived from the model include allowance for a number of miscellaneous trans- 
portation jobs, none of which individually are important enough to detail. 

To simplify the analysis, it is assumed that all the fruit is packed in 
standard boxes. This model plant forms the basis of the analysis that fol- 
lows. Estimates of transportation costs first are made for the model as 
specified. Variations as to type of equipment are then introduced, and their 
effect on costs is examined. 

Throughout, the analysis is based on operation of the model plant for 
pear packing, but with slight modification the costs would apply to apple 
packing. The sizes of the various containers used are roughly the same for 
both kinds of fruit, and load sizes with the transportation equipment are 
about the same. With lighter net weights per box for apples, however, more 
trips are required to transport a given weight of fruit. This means that, on 
a weight basis, the costs of in-plant transportation in apple packing plants 
are slightly higher than in pear packing plants. In general, the level of 
costs per 1,000 pounds of fruit run would be about 10 per cent higher in the 
apple packing plants, although on a per box basis, the costs are about the 
same in both apple and pear packing plants. The general indications as to 
the relative costs with different types of equipment also are about the same 


in apple and pear packing plants. 


Transportation Costs with Hand-Truck and Fork-Truck Equipment 

Estimates of transportation costs for two variations on the model plant 
are presented in Table 6 and Figure 3. One variation involves the use of 
fork-truck equipment, the other, the use of hand-truck equipment. Annual 
fixed costs and direct costs per hour of operation are given for both types 
of equipment for rates of plant operation ranging from 20,000 to 80,000 pounds 
of fruit run per hour. In the fork-truck plant, the annual fixed costs are 
$1,h10 for a rate of operation of 20,000 pounds per hour and $),850 for a 
rate of operation of 80,000 pounds per hour. Direct costs in the fork-truck 
plant are $5.30 per hour of operation when fruit is run at the rate of 20,000 
pounds per hour and $16.90 when the rate of plant operation is 80,000 pounds 
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per hour. The corresponding range in direct costs in the hand-truck plant is 
from $10.00 to $36.40 per hour of plant operation. 


TABLE 6 


The Effect of Hand-Truck and Fork-Truck Equipment 
on Transportation Costs in the Model Plant 











per hour of 
operation 


Rate of opera- 
tion per hour 





costs fo 
omakemeeste’ 

















Type of equipment 





Fork truck 


Hand truck 






a/ Estimated as a percentage of replacement cost, 1950 price level. 
See Table 3 for percentage rates. 

The transportation cost estimates in Table 6 show large differences be- 
tween the annual fixed costs in the hand-truck and fork-truck plants. This 
applies also to the direct costs. For costs to be equal with either system, 
the excess of fixed costs in the fork-truck plant must be balanced by savings 
in direct costs when fork trucks are used. For example, with a rate of plant 
operation of 0,000 pounds per hour, the annual fixed costs in the fork-truck 
plant exceed those in the hand-truck plant by $2,50, while the saving in 
direct costs with the fork-truck equipment is $9.65 per hour. To accumulate 
savings equal to the difference in annual fixed costs requires operation for 
approximately 2,):50/9.65 = 255 hours per season. At this length of operating 
season, the two types of equipment “break even" as to cost. 

Relative transportation costs with fork-truck and hand-truck equipment in 
the model plant are shown graphically in Figure 3 for a rate of plant opera- 
tion of 0,000 pounds per hour. In this diagram total season transportation 
costs are given on the vertical scale in relation to hours of plant operation 
per season, which are shown on the horizontal scale. The annual fixed costs 
for each type of equipment are indicated by the point at which the sloping 
cost line intersects the vertical scale, while the direct costs in each case 
are represented by the slope of the cost line. Thus, the steep slope of the 
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Figure 2. Process chart for apple and pear packing plants. 


Total transportation cost per season, 1,000 dollars 





Hours of plant operation per season 


Figure 3. Effect of length of season on total transportation costs in the model plant, using fork-truck 
or hand-truck equipment. (Rate of plant operation, 40,000 pounds per hour.) 














19. 


cost line for the hand-truck plant relative to that for the fork-truck plant 
reflects the difference in direct costs per hour with the two types of equip- 
ment. The break-even point is indicated by the intersection of the two cost 
lines, as at this point season total transportation costs read on the vertical 
scale are the same for either type of equipment. 

By reading total season transportation costs from Figure 3 for different 
lengths of season, an estimate of savings possible through the use of one type 
of equipment in contrast with the other can be made. With only 100 hours! 
operation per season, for example, the chart indicates that the season total 
cost with fork-truck equipment is approximately $3,500 but is only $2,000 
with hand-truck equipment. For this length of operation per season, there- 
fore, the use of fork-truck equipment instead of hand-truck equipment would 
result in a "loss" of $1,500 per season. With 00 hours' operation, however, 
the situation is reversed, and the use of fork-truck equipment would result in 
an estimated annual saving of approximately $1,100. 

Comparisons such as the above can be made for other rates of plant opera- 
tion from the cost data given in Table 6. For different rates of plant opera- 
tion, the level of costs for a given length of season will be quite different. 
The break-even point also will shift, but not by a large amount. With a rate 
of plant operation of 10,000 pounds per hour, for example, the break-even 
point is at 255 hours operation per season. With rates of operation 20,000 
or 60,000 pounds per hour, the break-even points are, respectively, at 285 and 


20 hours operation per season. 


COST REDUCTION POSSIBILITIES 

The costs for in-plant transportation in the model plant that are pre- 
sented in Table 6 apply to a well-planned, relatively efficient organization. 
Nevertheless, some adjustments can be made that will reduce costs. As the 
organization of the model plant is similar to that commonly found in the in- 
dustry, cost-reducing changes in the model will indicate the kinds of adjust- 
ment that should be profitable in actual plants. 

These adjustments include a reduction in nonproductive time through 
better coordination of crew size with the rate of plant operation; change in 
the plant layout so as to reduce transportation distances; the substitution 
of different kinds of equipment; change in the pattern of movement for fruit 
and materials so as to reduce the amount of handling--as, for example, trans- 


porting incoming fruit directly to the dumping station rather than via a 
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temporary storage. Some such changes involve only a better adjustment within 
the existing plant, while others require alterations to the plant. 

In Tables 7 to 12, which follow, cost estimates are given for transporta- 
tion in the model plants after the introduction of specified changes. The 
effects of these changes are examined by comparison of costs in the revised 


plants with those for the original model. 


Changes in Equipment for Transporting Packed Fruit 
Fork-truck plant.--Consider first the effect on season transportation 
costs in the model fork-truck plant if the methods of handling packed fruit 
are modified as follows: 

(M) Model plant--packed fruit transported by fork truck to 
car via temporary storage. 

(A) Model plant--except that the packed fruit is transported 
by a power conveyor directly from the lidder to the car or 
highway truck, thus eliminating the operation "set off and 
stack packed boxes" and also eliminating the transportation 
of packed fruit by fork truck. (Notes In the cost esti- 
mates, allowance is made for a "conveyor man" whose task is 
to route boxes from a given lot of fruit /or fruit of a 
particular size7 to designated cars, to set off fruit to 
temporary storage during interruptions in carloading work, 
etc.) 

(B) Model plant--except that the packed fruit is transported 
directly to the car by fork truck rather than via a tem- 
porary storage. 

(C) Model plant--except that packed fruit is first set off from 
a gravity conveyor leading from the lidding machine and 
classified by lot or by size of fruit, as desired. Later, 
the fruit so classified is set on a parallel power conveyor 
leading to the car. To facilitate this operation, the fruit 
is set off on pallets which rest on gravity floor conveyors, 
thus allowing the loaded pallet to be pushed to a point ad- 
jacent to the power conveyor. This procedure permits the 
accumulation of a substantial quantity of fruit in a given 


size or lot before it is finally routed to the car. 
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TABLE 7 


Effect of Variations in the Method of Transporting Packed Fruit on 
Total Season Transportation Costs in the Model Fork-Truck Plant 













Annual fixed| Direct costs 
Rate of opera-| costs for) per hour of 
tion per hour | equipment— operation 


,»000 pounds doliars 















Method 






Model plant--packed fruit 
transported by fork 
truck to temvorary stor- 
age, then to car 











(A) Model plant--except packed 
fruit transported direct 
from lidder to car by 
conveyor 







(B) Model plant--except packed 
fruit transported direct 
to car by fork truck 







Model plant--except packed 
fruit set off at lidder 
and classified, then*to 
car by conveyor 








a/ Estimated as a percentage of replacement cost. See Table 3 for percentage 
rates. 


From the standpoint of shipping procedures, all of the above methods are 
essentially the same except that in method A transporting fruit directly to 
the car by conveyor does not permit classifying the fruit if the output of 
packed fruit is not large enough to warrant loading more than one car at a 
time. In other words, if only one car is loaded at a time, the fruit must be 
loaded "house run." 

Estimates of the fixed costs for equipment and for the direct costs-- 
labor and power--for the model plant and for the three variations are given 
in Table 7. Note that, for a given rate of plant operation, there is little 
difference in fixed costs for any of the four methods but that considerable 
difference is shown in the direct costs per hour. Consider, for illustration, 
the estimated costs for a plant operating at the rate of 0,000 pounds per 
hour. Compared with the model plant, method A would result in a saving in 


direct costs of $2.00 per hour of operation. A smaller saving--$0.55 per 
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y) 
hour of operation--is indicated in comparing the model plant and method B. 
Direct costs with method C prove to be higher than in the model plant by 
$1.45 per hour. 

These relationships are shown graphically in Figure ). Costs with method 
C are higher than in the model plant, regardless of the length of season, 
while costs with methods A and B are lower than in the model plant. With 300 
hours! operation per season, a change from the model plant to method A would 
result in savings of approximately $695 per season, while a change to method 
B would result in savings of about $355 per season. A change to method ‘C 
would yield a "loss" of about $375 per season, the savings through use of the 
conveyor to transport the packed fruit to the car being outweighed by the ad- 
ditional labor required to transfer the packed boxes from the temporary 
pallet storage to the conveyor. 

Relationships similar to the above can be derived from the data in Table 7 
for other rates of plant operation. 

Hand-truck plant.--The handling of packed fruit in the hand-truck plant 
has been analyzed in a similar manner, and the results are summarized in Table 
8 and Figure 5. Six different methods are compared as follows: 

(M) Model plant--packed fruit transported to car via temporary 
storage by hand truck. 

(D) Model plant--except that packed fruit is transported 
directly from the lidder to the car by conveyor. 

(E) Model plant--except that packed fruit is transported 
directly to the car by powered hand truck. 

(F) Model plant--except that packed fruit is transported 
directly to the car by hand truck. 

(G) Model plant--except that packed fruit is transported via 
temporary storage by powered hand truck. 

(H) Model plant-~except that packed fruit is set off at the 
lidder and classified then set on a conveyor to the car. 
(The method is the same as that described previously for 
method C. ) } 

Estimates of the fixed costs and direct costs associated with these 
methods of handling packed fruit in the hand-truck plant are given in Table 8. 
At a rate of plant operation of 0,000 pounds per hour, the annual fixed costs 
range from $105 with method F to $25 with method G. Two of the revised 


methods result in fairly substantial reductions in direct costs. With a rate 
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(M) 


(D) 


(E) 


(F) 


(G) 


(H) 


a/ Estimated as a percentage of replacement cost. 


TABLE 8 
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Effect of Variations in the Method of Transporting Packed Fruit 
on Transportation Costs in the Model Hand-Truck Plant 


Method 


Model plant--packed fruit 
transported to temporary 
storage, then to car by 
hand truck 





! 
Model plant--except packed| 
fruit transported direct | 


to car by conveyor 
| 


Model plant--except packed 
fruit transported direct 
to car by powered hand 
truck | 





' 


Model plant--except packed 
fruit transported direct 
to car by hand truck 





Model plant--except packed 
fruit transported to tem- 
porary storage, then to 
car by powered hand aia 


Model plant--except packed; 
fruit set off at lidder 
and classified, then to 
car by conveyor 


rates. 


Rate of opera- 
tion per hour 


1,000 pounds |_ 


20 
0 


| 


| 
t 
| 
| 


| 
| 
| 
| 
! 


Annual fixed 
costs fog) per hour of | 
equipment— | operation ‘i 
dollars 
nmumeanees nena 


Direct costs | 


60 10.00 

120 18.85 

175 27.60 

230 36.10 | 
160 8.00 | 
380 Lh of] 20 H 
85 20.30 

595 26.0 

275 | 9.25 | 
390 16.55 | 
525 23.70 | 
60 31.05 

60 9.60 

105 17.95 

165 26.25 

220 3.60 

305 9.55 

hos 17.10 

635 2.65 | 
800 | 32.20 
175 9.75 
00 17.60 | 
505 25.45 

620 33.25 


See Table 3 for percentage 


9 siagn 


- dist bosses gaiscrdazasdl to boriteM od¢ ai anoidstic¥ to toott 
dre ft eo x febolt oft at ateod AottedxogensT a0 


stint bosloactntiats fsbok 
Ciiodmet of hed teqecatt 
gt 80 od edt ,egetote 

f. dort heed 


: | toesib bsteogensit ditt 
| OYSVAes YI ino oF 


—— 
AQ 
~~" 


Se ea ee ee 


ho ‘tqgoxs-—tasle LsboM (x) 
at | dosti botroqunest tint? 
- hasd boxswoq yd x80 oF 
wouts 


bis tdsoxe=e-sasic Lebo 
12 todtib bedwienatt tivtt 
Hows bret yd wo o¢ 


— 
aa) 
~— 


j 


= ’ 
 tosoxe=mtneiq feboM 
eet a Setrogensyd jist 

_ oF gedt ,ogstote yretog 
“bleu oneit betewoq yi ino 


‘bevioscr dosoxe-—t0siq LaboM 
» febbil ds Yio toe FEvtt 
| oF nedt (iedttessfo bos 
ees 


Fs! 
a8 
98 
os 
oH 
a9 
8 
Os 3 
Ox! 
3 
08 
os 
ost 
98 
ob . 
Os 
or! 
8 
08 
Od 
00 
08 


y 1 gataconeg tot € afdsf sed. .d800 drpmensiqet to ouatnaozen 8 es hagemited na 
; +e9TB% 


f 


























Fork truck plant: Variations on meth- 
ods of handling packed fruit 

M. Model plant 

A. Conveyor direct to car 

B. Fork truck direct to car 

C. Set off and classified, set on con- 
veyor to car 








Total transportation cost per season, 1,000 dollars 











te) 100 200 300 400 500 
Hours of plant operation per season 


Figure 4. Effect of variations in the method of transporting packed fruit on season total transporta- 
tion cost in the model fork-truck plant. (Rate of plant operation, 40,000 pounds per hour.) 

















Hand truck plant: Variations on 
methods for handling packed fruit 


M. Model plant, to car by hand 
truck via temporary storage 

D. Direct to car by conveyor 

E. Direct to car by powered hand 
truck 

F. Direct to car by hand truck 

G. To car by powered hand truck 
via temporary storage 

H. Set off and classified, set on con- 
veyor to car 








Total transportation cost per season, 1,000 dollars 














0 100 200 300 400 500 
Hours of plant operation per season 


Figure 5. Effects of variations in method of transporting fruit on season total transportation costs in 
in the model hand-truck plant. (Rate of plant operation, 40,000 pounds per hour.) 
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of operation of 0,000 pounds per hour, a shift from the model plant to method 
D would save $.65 per hour of plant operation, while a shift from the model 
plant to method E would save $2.30 per hour. 

The cost relations for the various methods are shown graphically in 
Figure 5 for a rate of plant operation of 0,000 pounds per hour. Figure 5 
indicates that, from a cost standpoint, there is little difference between the 
model plant and methods E, F, G, and H. Fixed costs in the latter methods are 
higher than in the model plant, while direct costs with the revised methods 
are somewhat lower. As a result, costs are slightly lower in the model plant 
if the operating season is short; the balance swings in favor of methods E, 

G, and H as the length of season extends beyond 200 to 300 hours. Method F 
results in small savings for any length of season. Method D shows more prom- 
ise. Fixed costs are higher, but direct costs are substantially lower than 
in the model plant. With 300 hours of operation per season, the indicated 
savings are approximately $1,135. Similar results can be demonstrated for 


other rates of plant operation. 


Changes in Equipment for Transporting Incoming Fruit 
Similar studies of cost reduction possibilities in the transportation of 
incoming fruit and cannery fruit are summarized for the model hand-truck plant 
in Table 9 and in Figure 7. Six different methods are considered. Each in- 
volves modification of an existing hand-truck plant. In some instances, this 
requires alterations to the existing building, although the alterations do not 
involve changes in the plant "model." No variations in transportation equip- 
ment for the receiving operations in the fork-truck plant are considered. 
The variations considered in transportation methods in the receiving 
operations are as follows: 
(M) Model plant--incoming and cannery fruit handled with 
hand-truck equipment. 
(I) Model plant--except that cannery fruit is handled with 
fork-truck equipment. This change requires the addition 
of a concrete loading apron and some remodeling of the 
building to provide storage space accessible to the 
fork truck. The annual cost of these changes is included 


in the estimate of fixed cost. 
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a = = . ree 
New concrete Remodeled storage area Existing packing- New concrete Existing packing-house platform ————» 
receiving apron house platform receiving apron 


(A) Hand truck plant remodeled to permit incoming fruit to be handled with fork-truck (B) Hand truck plant, with incoming fruit handled with fork truck and powered hand 
equipment. truck. 


Figure 6. Rearrangement of receiving area in hand-truck packing house to permit use of fork-truck 
and powered hand-truck equipment for the transport of incoming or cannery fruit. 











Methods for transporting incoming 
and cannery fruit 


M. Model plant; incoming and can- 
nery fruit (and empty lugs) trans- 
ported to temporary storage, then 
to dumper (or to truck) with hand 
truck 

|. Model plant; except cannery 
fruit handled by fork truck (building 
remodeled) 

J. Model plant; except incoming 
fruit handled by fork truck (building 
remodeled) 

K. Model plant; except incoming 
and cannery fruit handled by fork 
truck (building remodeled) 

L. Model plant; except incoming 
fruit handled by fork truck and 
powered hand truck 

N. Model plant; except incoming 
and cannery fruit handled by fork 
truck and powered hand truck 


0 100 200 300 400 500 
Hours of plant operation per season 








Total transportation cost per season, 1,000 dollars 





Figure 7. Effect of variations in method of handling incoming fruit and cannery fruit on season total 
transportation costs in the model hand-truck plant. (Rate of plant operation, 40,000 pounds per 
hour.) 
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(J) Model plent--except that the incoming fruit is handled 
with fork-truck equipment. As in method A, this change 
requires building alterations to provide a concrete un- 
loading apron. In addition, storage space accessible to 
the fork truck and access to the dumping station for the 
fork truck must be provided. The building alterations 
include removal of the wood floor and supports and the 
construction of a new concrete slab on the ground, also 
respacing the roof supports in the receiving area so as 
to reduce interference with the operation of the fork 
trucks (Figure 6A). 

(K) Model plant-~except that both incoming fruit and cannery 
fruit are handled with fork-truck equipment. Building 
alterations as described in methods A and B are provided. 

(L) Model plant--except that incoming fruit is handled with a 
combination of fork-truck and powered hand-truck equipment. 
(The movement of fruit between the highway trucks and the 
edge of the packing house platform is accomplished by fork 
truck; movements between the edge of the packing house and 
points within the house are made with the powered hand 
truck--see Figure 6B.) A concrete loading apron is re- 
quired in the receiving area. 

(N) Model plant--except that both incoming and cannery fruit 
are handled with a combination of fork-truck and powered 
hand-truck equipment as in method L. 

Estimates of the fixed costs and the direct costs for each of the above 
methods are given in Table 9. Note that a new complication has been intro- 
duced, a fixed charge for building remodeling. In the preceding studies of 
cost reduction possibilities, the cost of building changes was not a factor, 
but the adoption of the changes in the model plant proposed above is condi- 
tioned on some building alterations, and the costs of such changes must be 
ON « As a result, the fixed costs are substantially greater than would 


be necessary to cover the cost of equipment alone. 


V/ An important difference should be recognized in the cost problems re- 
lated to planning new construction in contrast with remodeling existing 
facilities. In new construction, any available alternative may be chosen with- 
out any concern regarding costs for demolition and remodeling. In changes to 
existing facilities, however, the additional costs of remodeling may be quite 
important. The present example is approached in terms only of remodeling as 
no "extra" costs for remodeling are involved in new construction. 
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28. 
TABLE 9 
Effect of Variations in Methods of Transporting Incoming Fruit and Cannery 
Fruit on Transportation Costs in the Model Hand-Truck Plant 
(Rate of Plant Operation, 0,000 Pounds per Hour) 


ane ixed costs | Direct 
Rate of | | costs 
operation Bquipy’ Building and | per 
Method per hour | ment’! loading apron~ | Total ; hour 


ll 


H i 


(M) Model plant--incoming} 
and cannery fruit 



















| 
we eS See 
transported to tem- | ee 85 
sept ; 60 175 | ae 175 | 27.60 
porary storage by - 80 | 230 | ce 230 | 36.40 
hand truck, then to | i j | . 
dumper (or to truck) | | 
(I) Model plant-~except | 20 | fay 315 750 10.23 
cannery fruit han- | ho 600 | 2s 1,025 :' 18.40 
dled by fork truck 60 | F6o | 575 | 15335 | 26.55 
(building remodeled)} 80 | 925 750 | 1,675 | 3h.75 
(J) Model plant--except 20 1 960 360 1,320 | 6.35 
incoming fruit han- 0  1,6h5 | 670 2,315 | 14.70 | 
dled by fork truck 60 | 9,305 | 935 | 3,260 | 22.00 
(building remodeled) 80 3,010 | 1, 2h0 4,250 | 27.30 
(K) Model plant--except 20 1,065 | 470 11,535 | 7.80 
incoming and cannery hO 1,850 ! 815 | 2,665 | 13.55 
fruit handled by 60 2,640 1,160 | 3,800 | 19.25 
fork truck (building 80 ' 3,25 1,560 | 4,985 | 25.00} 
remodeled) | 
(L) Model plant--except 1, 30 9.95 | 
incoming fruit han- 2,260 17.10 | 
dled by fork truck 23.75 
and powered hand pil 0| 


truck 


(N) Model plant--except 
incoming and can- 
nery fruit handled 
with fork truck and 

powered hand truck 


a/ Estimated as a percentage of replacement cost. See Table 3 for percentage rates. 


b/ Computed from estimated cost of constructing concrete paving for loading apron 
and of remodeling building at annual rate of 8.0 per cent. (Assumed life of 
building improvements, 20 years--based on assumption of partial expiration of 
life of original structure. Annual rate then consists of: depreciation, 5.0 
per cent; interest, 3.0 per cent, making a total of 8.0 per cent. Note that 
taxes, insurance, and repair elements of annual charge are not included on the 
basis that these costs are already covered in the annual charges for the 
building prior to remodeling. ) 
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Cost comparisons with the various methods can be made from Table 9. With 
a rate of plant operation of 10,000 pounds per hour, for example, the fixed 
costs for the hand-truck equipment required in the model plant are estimated 
as $120. In the model plant, after conversion to the use of fork-truck equip- 
ment for handling incoming fruit and cannery fruit--method K--the annual fixed 
cost for the equipment and building alterations is estimated as $2,665, of which 
the sum of $815 is the annual charge for building alterations. 

Fairly impressive reductions in direct costs result in two instances. 
With a rate of operation of ),0,000 pounds per hour, adoption of fork-truck 
equipment for handling incoming fruit--method J--would reduce direct costs by 
$h.15 per hour of plant operation. If this change were extended to include 
the handling of cannery fruit--method K--the saving would be $5.30 per hour. 
For the remaining proposals~-methods I, L, and N--the indicated reductions in 
direct costs are relatively small. 

Total season costs shown in Figure 7, page 26--for a rate of plant opera- 
tion of 0,000 pounds per hour--indicate that none of the proposed changes 
reduce the total plant transportation cost if the length of season is less 
than about 80 hours. The break-even point between method K and the model 
plant occurs at about 80 hours of plant operation per season, and for method 
J the break-even point is about 530 hours per season. For the remaining 
methods, the reduction in direct costs relative to the model plant is not suf- 
ficient to outweigh the higher fixed costs except for a long period of opera- 


tion per season, 


Changes in Plan of Operation for Receiving Incoming Fruit 


The effects of two additional types of change in the receiving operations 
are summarized in Table 10 and in Figures 8 and 9. One change involves a dif- 
ferent pattern of movement in the receiving operations, the other, a revision 
of floor layout in the model plant so as to modify the trucking distances. 

The changes are as follows. 

Direct movement of fruit to dumper.--In the model plant, all fruit re- 
ceived is transported to a temporary storage before going to the dumper. Some 
direct movement of fruit from the grower's truck presumably is possible in all 
plants. Such movements are likely to be small, however, if grower's lots must 
be kept separate. If incoming fruit can be pooled--as, for example, where the 
incoming fruit is sampled for quality--a substantial proportion of direct 


movement is possible. 
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TABLE 10 


Effect of Changes in Pattern of Movement and in Transport Distances 
for Incoming Fruit on In-Plant Transportation Costs 


Direct 
costs costs for, costs 
per hour | equipment—" | per hour 


dollars 


(M) Model plant--all 
incoming fruit 
transported to 
dumper via tem- 
porary storage; 
total length of 
transport path: 
220 feet in hand- 
truck plant; 310 
feet in fork- 
truck plant 


(0) Model plant--except 


one-third of in- 
coming fruit is 
transported di- 
rectly to dumper 


(P) Model plant--except 
total length of 
transport path is: 
150 feet in hand- 
truck plant; 210 
feet in fork-truck 
plant 


(Q) Model plant--except 
total length of 
transport path is: 
290 feet in hand- 
truck plant; 10 
feet in fork-truck 
plant 





af Estimated as a percentage of replacement cost. See Table 3 for percentage rates.. 
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One third of incoming fruit trans- 
ported direct to dumping station 











— ae Hand truck 
Fork truck 


© Breakeven 


Total transportation cost per season, 1,000 dollars 





0 100 200 300 400 500 
Hours of plant operation per season 
Figure 8. Effect of transporting ¥% of incoming fruit direct to dumper rather than via temporary storage 
on total season transportation costs. (Also direct movement for ¥3 of empty field lugs.) (Rate of plant 
operation, 40,000 pounds per hour.) 
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Figure 9. Effect of change in transport distance for incoming fruit on total season transportation costs. 
(Rate of plant operation, 40,000 pounds per hour.) 
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The revised costs with hand-truck or fork-truck equipment presented in 
Table 10 are based on the assumption that one-third of the incoming fruit can 
be transported directly to the dumper. This change obviously would reduce 
transportation costs by reducing slightly the transportation distance, but a 
more important effect is the reduction in the number of "pickup" and "release" 
elements in the trucking operations. 

As indicated in Table 10, this change would permit a slight reduction in 
fixed costs and a moderate reduction in direct costs. With a rate of plant 
operation of 0,000 pounds per hour, the saving in direct costs in the hand- 
truck plant would be $1.55 per hour of plant operation, and in the fork-truck 
plant the saving would be $0.50 per hour. The cost relationships are illus- 
trated in Figure 8. Note that costs in the model plant are represented by the 
heavy lines, while costs in the revised plants are represented by the lighter 
lines. For each type of equipment, the reduction in cost per season for a 
particular length of season is indicated by the vertical distance between cor- 
responding cost lines. Thus, with 300 hours' operation per season--at a rate 
of operation of 0,000 pounds per hour--the savings are roughly $80 in the 
hand-truck plant. Note that a range is possible in the proportion of fruit 
trucked directly to the dumper. For the conditions represented in Figure 8, 
this range might be from zero to one-third. The corresponding range in costs 
for a given length of season is indicated by the vertical distance between the 
two cost lines for each kind of equipment. Similar relationships are shown 
for the fork-truck plant. 

Relative costs for the two types of equipment also are shown in Figure 8. 
For a 300-hour season in plants trucking one-third of the incoming fruit di- 
rectly to the dumper, for example, costs would be lower in the fork-truck plant 
by roughly $285 per season. 

Revise floor layout in receiving area.--In the model hand-truck plent, the 
total length of trucking path in the receiving operations is 220 feet; in the 
model fork-truck plant, this distance is 310 feet. These distances are based 
on a fairly typical layout of space and equipment in the receiving area. In 
some of the plants studied, the trucking distances in receiving were consid- 
erably greater because of faulty layout, and in other plants shorter distances 
were observed. Trucking distances in receiving could be reduced in the model 
plant, for example, by using conveyors to transport fruit to the dumper and to 
transport empty lugs to the storage area after dumping. Further reduction in 
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trucking distance might be possible if a considerable proportion of the in- 
coming fruit were trucked directly to the dumper. This would reduce the quan- 
tity of fruit held in temporary storage, thus permitting a reduction in the 
dimensions of the storage area. 

The effects on transportation costs resulting from differences in layout 
of the kind outlined above are indicated in Table 10 for two different adjust- 
ments. In one case, it is presumed that the receiving area in the model plant 
can be rearranged so as to make the total length of transportation path in the 
receiving operations 150 feet in the hand-truck plant in contrast with 220 
feet in the model plant. Similar adjustments in the fork-truck plant involve 
a length of path in the revised plan of 210 feet in contrast with 310 feet in 
the model fork-truck plant. A second situation is analyzed in which it is 
presumed that many plants may have a layout in the receiving area that is 
less efficient than that specified for the model plant. For illustration, the 
total length of the trucking path in the receiving operations is taken as 290 
feet in the hand-truck plant and 10 feet in the fork-truck plant. These 
changes represent an upward and a downward adjustment in trucking distance for 
the receiving operations of about one-third in comparison with the model plant. 

As indicated in Table 19, the effect of these variations in distance on 
the fixed costs is not great. An avpreciable reduction occurs in the direct 
costs. Contrasting the plants of high and low trucking distance, the differ- 
ence in direct costs--at a rate of plant operation of 0,000 pounds per hour-- 
is $2.70 per hour of plant operation in the hand-truck plant; this saving in 
the fork-truck plant is $0.90 per hour. 

The effects on season transportation costs for a rate of plant operation 
of 0,000 pounds per hour are illustrated in Figure 9. Again, the costs in 
the model plants are represented by the heavy cost lines. For each type of 
equipment, the variations in transportation costs associated with the range in 
trucking distances described above are indicated for a given length of season 
by the vertical distance between the high and the low cost lines. 

Costs in the hand-truck plant can be contrasted with those in the fork- 
truck plant by comparing appropriate readings from Figure 9. Note that a 
slight shift occurs in the break-even point, the hours of operation to break 
even tending to be less as the trucking distance increases. The greater ad- 
vantage of the fork truck as the distance to be traveled increases reflects 
its higher load capacity and higher travel speed in comparison with the hand 


trucks. 
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The comparisons made in Figure 9 in regard to reductions in the trucking 
distance do not take into account the cost of physical changes that may be re- 
quired in the plant layout. Hence, the costs indicated would be appropriate 
as a guide in planning new facilities. In a situation involving remodeling 
expense, the relative costs indicated in Figure 9 would be substantially 
changed. 


Change in Load Size 

Still another cause of variation in transportation costs is the size of 
load carried per trip with a given type of equipment. Upward adjustments in 
load size will reduce the number of trips required and thus reduce costs. 
The effect of adjustment in load size can be observed by comparing estimates 
of cost based on the extremes in load size observed and by contrasting these 
costs with costs in the model plant. The range in load sizes to be considered 
for the principal transportation jobs is indicated in the following summary. 


umber of lugs or boxes hauled per trip 


Operation 


Receiving: 


Full lugs 
Empty lugs 


Cannery and cull fruit: 


Full lugs 
Empty lugs 


Packed fruit: 


Full standard boxes 
Empty standard boxes 





Estimates of transportation costs for the range in load sizes given above 
are presented in Table 11 and Figure 10. With a rate of plant operation of 
0,000 pounds per hour, the direct costs in the hand-truck plant with minimum 
load size are $2.85 per hour greater than in the model plant; with maximum 
load size the direct costs are $0.85 less than in the model plant. In the 
fork-truck plant, the direct costs--with a rate of operation of 0,000 per 
hour--are $0.80 per hour greater with minimum load size than in the model plant; 
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Total transportation cost per season, 1,000 dollars 
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Figure 10. Effect of size of load on season total transportation costs in the model plant. (Rate of 
plant operation, 40,000 pounds per hour.) 
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Modifications in model plants for 
the “minimum” transportation-cost 
plants: 

(1) % of incoming fruit transported 
direct to dumper; similarly for empty 
lugs 

(2) Transportation distances in re- 
ceiving reduced 4 

(3) Packed fruit transported direct 
to car by conveyor 

(4) Load sizes for principal transpor- 
tation jobs are maximum observed 


0 100 200 300 400 500 


Hours of plant operation per season 


Total transportation cost per season, 1,000 dollars 





Figure 11. Reduction in total season transportation costs in model plants through combining several 
changes in transportation equipment and methods. (Rate of plant operation, 40,000 pounds per 
hour.) 
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with maximum load size direct costs are $1.25 lower than in the model plants. 
As indicated in Figure 10, a change to the maximum load size in the hand- 
truck plant does not result in important savings in comparison with the model 
plant; a change to maximum load size in the fork-truck plant, however, results 
in significant savings. Comparison of the cost lines with maximum load size 
in hand-truck and fork-truck plants indicates a reduction in hours of plant 
operation to break even from about 255 hours per season in the model plant 


to approximately 200 hours per season with the maximum load size. 
TABLE 11 


Effect of Size of Load on Season Total 
Transportation Costs in the Model plant 








Hand truc Fork truc 
Rate of Annual fixed! Direct ;} Annual fixed; Direct 
operation costs fox / costs costs for ' costs 
Method per hour equipment— j;per hour| equipment— | per hou 
1 1,000 pounds dollars 

20 60 10.00 | 1,410 i 5.30 
Model plant——load sizes | 40 120 18.85 | 2,570 | a 
= | 60 175 27.60 | 3,700 | 13.05 
80 230 36.0 , 4,850 | 16.90 
Model plant--except that a5 es —e as | ee 
the load sizes used on ho 10 21.70 2,835 | 10.00 
the principal transpor- | 60 205 31.90 { yas | 1.25 
Satine 208 Se Ie 80 | 275 42.10 ; 5,400 18.55 

minimum observed 

Model plant-~except that | " | as 6 — 
the load sizes used on 40 110 es | 2.160 ae 
ae spanepor- 60 165 26.40 | 3,090 11.25 
tation jobs are the 80 | 220 3.80 i,,035 | 1.50 


maximum observed 


a/ Estimated as a percentage of replacement cost. See Table 3 for percentage rates. 


Combining Changes for Low-Cost Operation 
In the preceding examples, numerous possibilities for reducing the cost of 
in-plant transportation are demonstrated. In no single case does the indicated 
saving become large unless the operating season is relatively long. But, con- 
sider the possibility of combining several changes. Suppose that the model 
plants were reorganized along the following lines: 
(1) The layout in the receiving area is reorganized to permit 
a reduction of one-third in the trucking distances for 


the receiving operations. 
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(2) One-third of the incoming fruit is transported directly 
to the dumper. 

(3) The packed fruit is transported directly to the car by 
conveyor. 

(4) The maximum load size--as specified in the preceding 
section--is used on the principal transportation jobs. 

The aggregate effect of the above changes on the in-plant transportation 
costs is summarized in Table 12 and in Figure ll. With a rate of plant opera- 
tion of 0,000 pounds per hour, the annual fixed costs in the hand-truck plant 
increase about $255 in comparison with the model plant. This is due to the 
addition of a packed fruit conveyor. In the fork-truck plant, the changes 
result in a reduction in annual fixed costs--when the rate of operation is 
40,000 pounds per hour--of $80. Direct costs in the hand-truck plant are re- 
duced by $6.15 per hour of plant operation, and in the fork-truck plant, 
direct costs are reduced by $3.15 per hour. In terms of season total costs, 
these relationships are illustrated in Figure 11 for a rate of plant operation 
of 0,000 pounds per hour. Reading from the diagram, the indicated savings 
for a 300-hour operating season are approximately $1,600 in the hand-truck 
plant and about, $1,00 in the fork-truck plant. 

The break-even point between the fork~truck and hand-truck plants under 
both systems for transporting fruit--as indicated by the intersection of the 


cost lines--is about 260 hours per season. 


EFFECT OF CHANGES IN COST RATES ON TRANSPORTATION COSTS IN MODEL PLANTS 

In the preceding discussion, we have analyzed the effect of several dif- 
ferent types of equipment and methods of organization on the costs of in-plant 
transportation. This has been done in terms of cost estimates for a model 
plant in which the basic jobs to be performed and certain of the cost rates 
used in the estimates remain unchanged. In the following section, several 
further variations are considered. These include changes in the rates for 
wages, annual fixed costs for equipment, and allowances for nonproductive 
time. 

The primary interest in studying these additional variations is to ob- 
serve their effect on relative transportation costs in the hand-truck and fork- 
truck plants. Such comparisons will indicate how changes in the cost rates 


may affect decisions as to the selection of type of equipment. 
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TABLE 12 
Cost Reduction Possibilities through Combination of Several 


Changes in Transportation Equipment and Methods as Reflected by 
In-Plant Transportation Costs in Model Plants and in Revised Plants 


Fork truck 






3,740 | 
is transpor~ i 
ted direct to, 
car by con- 


Rate of Annual Direct Annual Direct 
operation costs fog costs | costs for) costs 
Method equipment~ |per hour :equipment— |per hour 
000 pounds dollars 

fe 60 eae bee | 5.30 

0 120 18. | 2,570 | Fueo 

(M) Model plant 60 175 | 27.60 3,700 | 13.05 

| Bo 230 36.40 | 850 16.90 
(R) Model plant--ex- 
cept for the 
following: | 
(1) One-third of | ! 
incoming | | | 
fruit is | | 

transported 

directly to | 
the dumper; | 
(2) Trucking dis- 

tances in re- 20 160 7.30 1,145 ' eos 

ceiving at ! ho 375 12370 2,090 | 6.05 

minimum; 60 1,80 18.10 | 2,910 | 8.00 

(3) Packed fruit | 80 580 23.45 | 9.95 


veyor; | | 

(h) Load sizes 
for principal | | 
transporta- | 
tion jobs are' | 
the maximum | 
observed. i | 


| 
\ 
| 
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a/ Estimated as a percentage of replacement cost. See Table 3 for percentage rates. 
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Changes in Price Level 


The preceding analyses are based on specified wage rates and on given 
prices for equipment. With these cost rates, cost estimates are derived which 
show for the model plant the hours of operation per season required to break 
even on transportation costs with hand-truck and fork-truck equipment. What 
is the effect of a change in the costs rates on the break-even point? 

If the prices of equipment and the rates for direct costs--wage rates and 
equipment operating costs--change in the same proportion, the level of costs 
will change, but the break-even point will remain as before. If direct costs 
and equipment costs do not change in the same proportion, however, the break- 
even point will shift. This effect is illustrated in Figure 12. Two situa- 
tions are considered. In one, wages and other operating costs rise 25 per 
cent above the original levels used in analyzing the model plant. The result 
is illustrated in Figure 12A. Note that fixed costs--as represented by the 
intersection of the cost lines with the vertical scale--are unchanged but that 
the total season costs are higher than in the model plants. The increase in 
costs is relatively greater in the hand-truck plant than in the fork-truck 
plant. The hours of plant operation required to break even are reduced from 
255 hours per season in the model plants to approximately 230 hours with the 
higher level of operating costs. 

The other side of this question--pertaining to a reduction in operating 
costs--is presented in Figure 12B. Fixed costs are the same in the model 
plants and in the revised situation, but operating costs are presumed to de- 
crease 25 per cent. The effect is to reduce the level of cost in both the 
hand-truck and fork-truck plants but with a relatively greater reduction in 
the hand-truck plants. Hours of plant operation required to break even are 
increased from 255 hours per season in the model plants to about 385 hours 
with the reduced level of operating costs. 


8/ This example is concerned with trends in future costs and prices. 
The effects demonstrated, however, are similar to those applying to the 
current situation of plants located in an area in which the existing wage 
level is different from that used in the analysis of the model plants, 
In other words, if a firm were confronted with the same costs for equipment 
as those applying to the model plant but could obtain labor for 25 per cent 
less, the firm's current situation with regard to the model plants is 
roughly that illustrated in Figure 12B. The reverse situation--fixed costs 
the same, but direct costs 25 per cent higher--is illustrated in Figure 12A. 
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Figure 12. Effect of variation of the level of direct costs on season total transportation costs and in 
the “break-even” points for the model plants. (Rate of plant operation, 40,000 pounds per hour.) 
(a) Level of direct costs 25 per cent higher than in model plant. (b) Level of direct costs 25 per cent 
lower than in model plant 
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Changes in Proportion of Nonproductive Time 


One of the important conditions specified in the model plants is the 
amount of unavoidable delay, amounting to 15 per cent of the total working 
time. This proportion, however, applies to an efficient operation, and in 
most plants, or at least in some years, the proportion of unavoidable delay 
might easily be much higher. For example, if it is difficult to schedule an 
even flow of fruit from the orchards, there may frequently be a surplus of 
labor at the packing house and this would increase the average proportion of 
idle time. Or uncertainty as to market conditions might result in wide 
fluctuations in day-to-day shipments yet require the maintenance of a rela- 
tively steady work force at the packing house. The effect of variation in 
the proportion of nonproductive time is illustrated in Figure 13. As in the 
previous diagrams, the season costs in the model plants are shown by the 
heavy cost lines. The lighter cost lines represent estimated season costs 
when operations in the model plants are revised so as to allow for )0 per 
cent nonproductive time. An increase in the delay time means that more 
workers are required to do the same amount of work and that a correspondingly 
greater number of equipment units are required. This is reflected in Figure 
13 in the higher level of fixed costs in both hand-truck and fork-truck 
plants and in the fact that the season costs rise more rapidly in the revised 
situation than in the model plants. The hours of plant operation required to 
break even between the two types of equipment are slightly less with the 
higher proportion of delay. 


Effect of Idle Equipment 


Still another type of variation might be considered. Suppose that a 
"design" rate of operation of 10,000 pounds per hour is considered appropriate 
in selecting the equipment for the packing house. Transportation equipment is 
purchased on this basis, but because of year-to-year variations in production, 
a reduced labor force is employed throughout the season in some years. How 
does this affect the decision as to appropriate type of equipment? The ef- 
fects of this variation are illustrated in Figure 1. Costs in the model 
plants are indicated by the heavy cost lines. Costs for a revised situation 
in which it is assumed that, on the average, 20 per cent of the equipment is 
idle throughout the season are given by the lighter cost line. In this situa- 
tion, the fixed costs are charged for the full amount of equipment, but 


operating costs are less in proportion to the amount of equipment not utilized. 
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Figure 13. Effect of variation in percentage of nonproductive time on total season transportation 
costs in the model plants. (Rate of plant operation, 40,000 pounds per hour.) 


except 20% of 
equipment idle 





— me me Hand truck 
Fork truck 
© Breakeven 


Total transportation cost per season, 1,000 dollars 








Oo 100 200 300 400 500 


Hours of plant operation per season 


Figure 14. Effect of variation in the average percentage of equipment utilization on total season 
transportation costs and on break-even point in the model plant. (Capacity rate of plant operation, 
40,000 pounds per hour; achieved rate, 32,000 pounds per hour.) 
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As indicated in Figure 1), the fixed costs are the same in both the model 
plants and in the new situation. Season costs, however, are less on the 
average than in the model plants. The hours of plant operation required to 
break even increase from 255 hours per season in the model plant to about 
360 hours per season in the revised situation. 


Changes in Estimates of Use Life 

One final variation is presented in Figure 15. In the model plants, the 
use life was taken as 10 years for the fork-truck equipment and 15 years for 
the hand trucks. These, however, do not represent a sure use life; obsoles- 
cense or actual wear-out may compel retirement of the equipment in a shorter 
time, or the actual use period may be longer than originally estimated. If 
the actual equipment life should prove to be only five years for the truck 
equipment and pallets, and the remaining annual charges are unchanged, the 
annual charge for equipment is 26.5 per cent in contrast with the rates used 
in the preceding costs estimates. 

The effect of this change in the annual cost rate for equipment is re- 
flected in Figure 15. The increase in annual fixed cost for the hand-truck 
equipment is not large. For the fork-truck equipment, however, a large in- 
crease occurs in annual fixed cost. For both types of equipment, the direct 
costs are unchanged by the shift in basis for estimating fixed costs. The 
hours of plant operation to break even increase from 255 in the model plants 
to about 05 in the revised situation. 

Similar comparisons on the basis of a 15-year life instead of a 5-year 
life indicate the break-even point between the fork-truck and hand-truck 
equipment in the model plants to be about 200 hours per season (see Figure 


15). 


OWNERSHIP COSTS VERSUS RENTAL COSTS FOR FORK-TRUCK EQUIPMENT 

In the preceding examples, transportation labor requirements are much 
less with fork-truck equipment than with hand trucks. In many instances, 
however, the high fixed costs associated with the fork trucks and a short 
operating season make the use of the fork-truck equipment uneconomical. Since 
the fork truck is mobile and easily moved, could this situation be improved 
if the equipment were rented rather than owned? A graphic answer to this prob- 
lem is given in Figure 16. Three ownership cost lines are shown in this dia- 
gram. The lower line gives the annual fixed cost per equipment unit as $35, 


based on a 15-year use. life; the middle line indicates an annual fixed cost 
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Figure 15. Effect of variation in depreciation rate for transportation equipment on total season 
transportation cost and on break-even point. (Rate of operation, 40,000 pounds per hour.) 
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Figure 16. Effect of length of plant operating season on relative costs of ownership and rental for 
4,000 pound capacity, gas-engine fork truck. 
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of $545, based on a 10-year life; and the upper line indicates an annual fixed 
‘ cost of $875, based on a use life of only five years. The slight upward slope 
of these cost lines reflects the increase in direct repair costs as hours of 
use increase. 

Typical rental costs at the 1950 price level are also represented in 
Figure 16. Rental costs are shown in relation to a 50-hour work week, or a 
200-hour work month. For short rental periods, the season rental cost rises 
at the rate of $125 per week, and for longer periods, at the rate of $00 per 
ert Rental cost at the monthly rate is represented by a horizontal line 
for less than 200 hours' use per season--indicating a minimum charge for one 
month--and for longer periods, the monthly rental cost rises at the rate of 
*),00 per 200-hour work month. These rentals are approximate, and some varia- 
tion could be expected with respect to a particular situation. The rates 
cover the equipment cost only and do not include the cost of fuel or the 
wage of the operator. On this basis the season rentals are comparable to the 
annual fixed costs of equipment ownership. 

For periods less than one month--assuming 200-hours of operation per 
month--rental costs are lower than any of the three estimates of annual fixed 
costs. For longer periods of use per year, rental and ownership costs appear 
to break even at about 20 hours of use per season when a 15-year life is 
assumed for the equipment; the break-even point is at about 300 hours of use 
per season when a 10-year life is assumed for the equipment and is at about 
475 hours of use per season when the use life of the equipment is taken as 
five years. These estimates of break-even point are guides in deciding the 
question of ownership or rental of the fork-truck equipment. They might be 
applied to the entire quantity of equipment required. Or, if a plant cus- 
tomarily experienced a relatively long season having a short period of peak 
operation, the indications as to break-even point might be significant in 


regard to equipment requirements for the peak period only. 


9/ The rental rates quoted do not include a limitation on hours of use 
during the rental period, but the weekly or monthly use indicated is fairly 
representative of actual conditions. Other assumptions in regard to hours 
of use perrental period would yield different results, but Figure 16 could 
easily be modified accordingly. 
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OTHER FACTORS AFFECTING CHOICE OF EQUIPMENT 

In the preceding discussion, many factors affecting the costs of in-plant 
transportation have been analyzed. Although such analyses bear directly on 
the key question of relative costs with different types of equipment, several 
other considerations are important. The following are noted in regard to 
fork-truck and hand-truck equipment. 

(1) The time required to unload the grower's truck and to reload it with 
empty lugs may be considerably less with fork-truck equipment than with hand- 
truck equipment. In a typical situation, one worker with a hand truck would 
require about 36 minutes to unload 216 field lugs; with fork-truck equipment, 
he could complete this task in about 13 minutes. If two workers were assigned 
to each grower's truck, the elapsed time in unloading with each type of equip- 
ment would be reduced by roughly one-half, making the elapsed time with hand 
trucks about 18 minutes per 216-lug load and with fork trucks about 7 minutes. 

While a difference in unloading time of this amount would not directly 
affect the in-plant transportation costs, it might be of considerable impor- 
tance to the grower. For example, if a grower were to haul 5 loads per day 
to the packing house, the saving in time--assuming two workers per load with 
either type of equipment and 216 lug loads--would be 55 minutes per day, or 
nearly one hour of hauling time. The estimated saving might be considerably 
greater if the chance arrival of several growers at the packing house at the 
same time were to develop a backlog of grower's trucks to be unloaded. Dif- 
ferences in unloading time, while affecting the grower most directly, may have 
an important bearing on the equipment chosen for the packing house unloading 
operations. 

(2) The capacity of fork-truck equipment to handle a temporary overload 
of the kind mentioned above probably is greater than that of the hand-truck 
equipment. Workers with hand trucks undoubtedly can accelerate their working 
pace temporarily but would not be able to maintain the more rapid pace for as 
long a period as would be possible with mechanical equipment. In this respect 
the fork-truck equipment would be more adaptable to variations in work load 
than the hand-truck equipment. 

(3) Under typical conditions, the number of truckers required in a hand- 
truck plant is about three times that required in a fork-truck plant. This 
may be an important consideration in a period of labor shortage. In any 


event, to have fewer workers would simplify the problem of supervision. 
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7. 
The foregoing, while not entering directly into the cost calculations, 
are important considerations. In some instances they might be regarded as 
sufficiently important to warrant selection of mechanical equipment in situa- 
tions where it may not be clearly justified on the basis of in-plant trans- 


portation costs alone. 


SUMMARY 

Studies of in-plant transportation in a number of California packing 
houses indicated labor costs for transportation with mechanized equipment-- 
for example, fork trucks or conveyor systems--ranging from $0.209 to $0.338 
per 1,000 pounds of fruit run; in nonmechanized plants--using hand trucks-- 
the range was $0.65 to $1.10 per 1,000 pounds of fruit run. These figures 
suggest that, in some plants, substantial reductions in transportation costs 
are possible. 

Two types of widely used equipment--hand trucks and fork trucks--require 
different types of building construction for the packing house. In terms of 
estimated annual building costs, however, there is little difference in 
building costs with the two types of equipment, and this factor may be ignored 
in analyzing transportation costs. 

Because of the many variations between plants, interplant comparison of 
actual costs may easily be misleading. Relative costs with different types 
of equipment or methods may be shown more clearly by comparison of estimated 
costs in typical or "model" plants operating under standardized conditions. 
These estimates include direct operating costs, such as labor and power and 
fixed costs for equipment. In general, mechanization results in higher fixed 
costs while direct costs are reduced. 

Whether it is economical to mechanize the transportation operations de- 
pends primarily on the length of season. For example, in a model or "stand- 
ardized" plant in which the transportation work is performed either with 
hand-truck or fork-truck equipment, the season transportation costs "break 
even" at about 255 hours! operation per season. For shorter seasons the 
transportation costs are less in the nonmechanized, hand-truck plant than 
in the fork-truck plant; for seasons longer than about 255 hours, this re- 
lationship is reversed. 

Studies of variations in transportation methods in the "standardized" 
hand-truck or fork-truck plants indicate that reductions in transportation 


costs in these plants are possible. The more promising changes include the 
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following: transporting packed fruit directly to the car with a power con- 
veyor, rather than by truck; transporting a portion of the incoming fruit 
directly to the dumper, rather than via a temporary storage; using the maxi ~ 
mum load size for truck operations, arranging the plant layout so as to 
minimize transportation distances. In hand-truck plants, the direct costs 
of transportation in the receiving operations and in handling cannery fruit 
may be reduced by substituting fork-truck equipment or by using a combination 
of fork-truck and powered hand-truck equipment. The reduction in direct 
costs is not great enough, however, to offset the increased fixed costs 
unless the operating season is relatively long--l80 or more hours of plant 
operation per season. 

The level of costs and the break-even point between costs with mechanized 
and nonmechanized equipment are affected by the level of wages and other cost 
rates. Such effects are illustrated for variations in the level of wages 
and other direct costs, for variations in the proportion of nonproductive time 
and in equipment utilization, and for differences in the rate of equipment 
depreciation. 

Mobile equipment, such as a fork truck, is easily available on a rental 
basis. For a long season operation, rental costs may exceed the fixed costs 
of ownership. If the season is short, however, it may cost less to rent than 
to own such equipment. In this event the use of mechanized equipment may be 
profitable, even for short season operations. 

While costs are a primary consideration in the choice of equipment, other 
factors may affect the selection of equipment or method. Thus, in comparing 
hand-truck and fork-truck equipment, the greater speed with which grower's 
trucks may be unloaded and the reduced number of workers required with fork- 
truck equipment may indicate its use in situations where it may not be clearly 
justified on the basis of costs alone. 

Analysis of the costs of in-plant transportation may be desirable in con- 
nection with the planning of new facilities with several methods equally avail- 
able. Or, the problem may involve changes to an existing plant which require 
the substitution of new equipment or methods for those presently in use. In 
either case, the data given in regard to labor and equipment requirements, 
and with respect to the costs of these factors, can be used to estimate trans- 
portation costs with alternative methods. Such estimates are important guides 


in the selection of the most appropriate method and equipment. 
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9. 
APPENDIX A 
ESTIMATING REQUIRFMENTS FOR TRANSPORTATION CREW AND EQUIPMENT, THE MODEL PLANT 


The cost comparisons given in this report for different methods of in-plant 
transportation are based on estimates of crew and equinment requirements in a 
typical or "model" plant. The model represents relatively efficient plant 
organization rather than an "ideal," optimum efficiency plent. The arrange- 
ment of packing equipment, storage areas, and work spaces in the model plant 
follows the pattern indicated in Figure 3, and a detailed specification with 
respect to in-plant transportation is given for two types of transportation 
equipment--fork trucks and hand trucks--in Table A. 

As indicated in Table A, five groups of transportation operations are 
involved. These are receiving incoming fruit, transporting packed fruit, 
transporting cannery and cull fruit, transporting shook and boxes, and mis- 
cellaneous transportation jobs. Each of these job groups includes several 
separate operations. Receiving, for example, includes unloading the grower's 
truck and transporting the fruit to a temoorary storage; transporting full 
lugs from the temporary storage to the dumper; transporting empty lugs from 
the dumper to an empty lug storage; and loading empty lugs on the grower's 
truck. 

The proportion of fruit packed is specified as 75 per cent of the total 
receipts, with 25 per cent diverted to cannery use and to culls. In supplying 
emoty boxes to the packers, it is specified that 80 per cent of the boxes are 
moved by gravity conveyor directly from the boxmaker to the point of supply 
to the packers, while the remaining boxes are transported to a temporary 
storage and later transported to the packer supply point. Only the latter 
quantity of boxes is considered in estimating transportation costs for the 
model plant. 

The average length of haul and size of load is specified for each trans- 
portation task. For example, in unloading the grower's truck, the average 
length of haul is 50 feet in the hand-truck plant, and the load size is 6 
lugs; in the fork-truck plant, the trucking distance is 100 feet, and the 
load size is 36 lugs. 

An additional operation--not shown in Table A--is included in the model. 
This is the setoff and stacking of packed fruit after lidding. Although not 
ordinarily regarded as a transportation job, consideration of this operation 
is necessary in analyzing transportation costs if a conveyor is used to 


transport packed fruit. 
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TABLE A 


50. 


Transportation Jobs, Distances, and Size of Load in a Model Plant 


Transport boxes to temporary storage; 
thence, to box liner 


















Per- Average a 
centage | tance tr — Size load 
of total sorted? per trip 
volume Hand: Fork | Hand | For 
Transportation task run truck {j truck |truck (truck 
boxes 
Receivin, 
Unload grower's truck and transport to | 
temvorary storage | = 100 50 100 | 6 | 36 
Transport full lugs from temporary stor- | 
age to dumper 100 LO 50 6 36 
Transport empty lugs from dumper to empty | | 
lug storage 100 100 120 | o>) 
Load empty lugs on grower's truck 100 30 ho 9 36 
Packed fruit \ 
Transport from setoff to temporary stor- 
age 75 ase +S 36 
Transport from temporary storage to | 
highway truck or railway car 75 Lo 50 | 5 36 
Cannery and cull fruit | | 
Tnload empty cannery lugs and transport 
to temporary storage 25 35 | ho | 7 he 
Transport empty lugs from temporary stor- | 
age to cannery setoff | 25 50, 60 | 7 2 
| Transport full lugs from setoff to tem- | | | 
porary storage ee. | ho | 0 7 2 
Transport full lugs from temporary stor- | BS | | 
age to cannery truck | 25 35 50 7 2 
Shook and boxes 
Transport shook from temporary storage | eo: 
to boxmaker | 75 ho } 50 | o= 
| 
| 
| 


Miscellaneous 
Transport lids and wraps, unload shook, 
move pallets, etc.© 


nn a 





(Continued on next page. ) 
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Table A continued. 


a/ Transport distances for each task are taken as constant for a range in plant 
capacity of 20,000 to 80,000 pounds per hour. This is based on the fact that 
in-plant transportation consists largely of inward and outward movements of 
materials (movement at right angles rather than parallel to the building 
walls) around the edges of a "center core" of floor area containing the packing 
equipment (see Figure 3). Hence, for a wide range in plant capacities, the 
changes in trucking distances are relatively small. If full account were taken 
of these differences, downward adjustments in estimated costs would occur. 
Costs for rates of operation of 60,000 pounds per hour would be about 2 per - 
cent less than indicated. Similarly, the costs for rates of 0,000 pounds per 
hour would be about li per cent less and for 20,000 pounds per hour, about 6 
per cent less than indicated. 


b/ Standard box equivalent of quantity of unassembled shook transported per trip. 


c/ Estimated as 10 per cent of total trucking requirements, exclusive of "mis- 
cellaneous." 





. 
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Finally, the net weights selected as appropriate for the various con- 


tainers are as follows: 


net weight, pounds? 


Standard packed box 


Field lug 


Cannery or cull lug 





a/ Net weights for Bartlett pears and Gravenstein apples. 
For other varieties, the net weights may be slightly 
different. 

The above specification of the transportation operations forms the basis 
for estimates of transportation costs in hand-truck and fork-truck plants that 
are essentially alike, except for the type of transportation equipment. Varia- 
tions in the basic methods can be introduced and their effects on costs studied. 


Requirements for Trucking Operations 

The amount of trucking labor and equipment required in the model plant 
depends on the type of equipment used, given the size of loads and trucking 
distances specified. For each trucking task, the initial step is to estimate 
the time required per trip. This estimate must be made in two parts. One 
part includes the operations performed on each trip regardless of the distance 
traveled; the other part is the time spent in travel. This division of time is 
as follows: 

(a) engage load, back and turn; 

(b) "spot" load at delivery point, release and turn; 

(c) travel with load to delivery point; and 

(d) travel without load to pickup point. 
Thus, operations (a) and (b) are on a per-trip basis, while operations (c) and 
(d) are related to the distance traveled per trip. Time requirements expressed 
on this basis for hand-truck, fork-truck, and powered hand-truck equipment are 
summarized in Table B. These time requirements are based on a round trip from 
pickup to delivery point and return. 

The use of the data in Table B to estimate labor and equipment require- 
ments is illustrated as follows for the job of transporting packed fruit from 
the lidder to temporary storage in the model plant: Suppose that fruit is 
packed in standard boxes of 8 pounds net weight each at the rate of 30,000 


pounds per hour and that the transportation equipment consists of hand trucks. 
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53. 
TABLE B 


Time Requirements for Transportation with Warehouse-Type Trucks, 
Minutes per Round Trip 





"Turn-around'; Trav: 
Type of equipment and job time | time= 
minutes 
HAND TRICK / 
Unload highway truck*’: full field lugs, to storage 
or dumper; empty cannery lugs, to storage or cannery 
setoff O«n3LL 0.00659 D 


/ 


Transport to highway truck or car’: empty field 

lugs, from storage or dumper; full cannery lugs from 

cannery setoff or storage; packed fruit, from lidder- 

setoff or from storage 0.339 0.00659 D 


Transport from storage: full field lugs to dumper; 
empty cannery lugs to cannery setoff, empty packing 


boxes to box liner 0.27h 0.00659 D 


Transport to storage: 
Packed fruit from lidder; full cannery lugs from 


cannery setoff 0.292 0.00676 D 
0.27 0.00676 D 


0.236 0.00676 D 


Empty packing boxes from boxmaker 
Empty field lugs from dumper 


FORK TRICK 


Tnload highway truck: 
Full field lugs to storage or dumper 


Empty cannery lugs to storage or cannery setoff 


Load highway truck: 
Empty field lugs from storage or dumping station 


0.805 
0.760 | 040050 D 


0.0050 


0 





Cannery lugs from storage or cannery setoff 0.765 0.0050 D 


a A A SN 





Transport from storage: 
Packed fruit to car; full field lugs to dumper 0.688 


4 
| 
| 
Empty cannery lugs to cannery setoff; shook to box- | 
maker; empty packing boxes to packer supply point 0.538 ;0.0050 D 


0.617 0.0080 : 
0.0050 a 
| 


Transport to storage: 
Rnpty field lugs from dumper; empty packing boxes | 
\ 


from boxmaker 0.513 0.0050 D 


Packed fruit from lidder setoff; cannery fruit from 
cannery setoff 0.688 ;0.0050 D 


POWERED HAND TPICK | 
Transport to and from storage points: field lugs, | 





cannery lugs, packed fruit; shook; empty packing 


boxes 






(Continued on next page. ) 
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Sh. 
Table B continued. 


a/ Trucking time per round trip is expressed in terms of the type of equipment 
used and the distance traveled. The time required may also be affected by 
the size of load, with increased labor requirements for excessively large 
loads. For the range of load sizes observed in this study, the variation 
in time required due to size of load was not large, and the effect of this 
factor has been ignored. 


b/ D = one-way distance in feet. 


c/ Distance measured from delivery or pickup point in packing house to edge of 
truck. 
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55. 


As specified in Table A, the load-size is five boxes, and the transportation 


distance, 35 feet. From Table B the time required per trip would be: 


Man-minutes 
"Turn-around! time 0.292 
Travel time = 
35 x 0.00676 0.237 
Time per trip 0.529 


With 20 pounds transported ver trip, l.17 trips are required to transport 
1,000 pounds of fruit; the labor required is 2.20 man-minutes per 1,000 pounds. 
To transport 30,000 pounds of fruit per hour to the temporary storage would 
thus require 66 man-minutes, or slightly more than the capacity output of one 
trucker. 

An estimate of labor and equipment requirements for the entire plant is 
made by a similar procedure. First, the requirements for each element of the 
transportation operations specified in Table A are estimated. The sum of the 
labor requirements for individual operations then represents the requirements 
for the entire plant. The results of applying this procedure to the model 
hand-truck plant are summarized in Table C. The transportation labor require- 
ments indicated are for a rate of plant operation of 0,000 pounds per hour, 
of which 30,000 pounds per hour are packed, and the remainder consists of 
cannery fruit and culls. 

The estimate of labor requirements for each job group is given in Table C 
for a rate corresponding to 1,000 pounds of fruit per hour in the particular 
job group. These labor requirements are then adjusted according to the pro- 
portion of the total fruit run that is handled in each category. For the 
model plant, these proportions are as follows: for the receiving operation, 
1.0; for cannery and cull fruit, 0.25; and for packed fruit, 0.75. The 
appropriate proportion, when applied to the labor requirements per 1,000 pounds 
in a job category, gives an estimate of labor requirements that is related to 
total fruit run. In the above example, the sum of such estimates for indi- 
vidual operations is 13.8 man-minutes per 1,000 pounds of fruit run, and with 
the addition of miscellaneous transportation jobs, the total labor require- 
ments are 15.2 man-minutes per 1,000 pounds run. Using a rounded figure of 
20 per cent total unproductive time, the gross labor requirement is 19.0 man- 
minutes per 1,000 pounds of fruit receiv ea, 22/ To perform the trucking work 


10/ For an explanation of the basis for this percentage, see page 13 of 
this report. 
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TABLE C 


Estimated Net Trucking Labor Requirements in the Model Hand-Truck 
Plant--Rate of Operation, 0,000 Pounds of Fruit Run per Hour 


Time required) Proportion | Time required 
per 1,000 of each per 1,000 


pounds of category to pounds of 
Operation fruit total run fruit run 


minutes minutes 





1. Receiving: unload grower's truck 
and transport full field lugs to 
dumper via temporary storage; 
transport empty lugs to grower's 
truck via temvorary storage 8.12 1.0 8.12 


2. Cannery and cull fruit: unload 
truck and transport emoty lugs 
to cannery station via temporary 
storage; transport full lugs to 
truck via temporary storage 6.96 0.25 he 7h 


3. Packed fruit: transport packed 
fruit to truck or car via tem- 


porary storage 4.73 0.75 3-55 
h. Shook and boxes: transport shook 

to boxmaker and empty boxes to 

storage and return 0.52 0.75 0.39 
5. Subtotal time per 1,000 pounds 13.80 
6. Miscellaneous: transport lids and 

wraps, unload shook, etc., 10 per | 

cent of operations 1 to -- -- | 1.4 


7. Total transportation labor per 
1,000 pounds run 15.2 
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involved in this example then requires a total of 760 man-minutes of labor 


per hour. This is equivalent to the employment of about 13 truckers, 24 


Requirements for Setoff Operation 
A similar, although much simpler, procedure is followed in estimating the 
requirements for setoff labor. Studies of this job in several packing houses 
indicate the net productive time required per standard box to be as follows: 


Grasp box on conveyor, turn and 

stack on floor to a height of ) or 

5 boxes (or the reverse operation) . . 0.105 minutes per 
standard box 


To set off and stack 1,000 pounds of fruit in standard boxes require (1,000/)8 ) 
x 0.105 = 2.19 man-minutes. Adding an allowance of 20 per cent for nonproduc- 
tive time--as with the trucking labor--makes the gross labor requirement 2.73 
man-minutes per 1,000 pounds of fruit setoff. To set off 30,000 pounds of 
fruit per hour would require (30 x 2.73) = 82 man-minutes per hour. In this 
case the labor actually supplied would be two workers, unless it were possible 


to use part of the setoff worker's time on some other operation. 


Estimates of Transportation Crew and Equipment 

Bringing together the estimates of labor requirements for the above ex- 
ample, the "transportation" crew and equipment would consist of two setoff men, 
13 hand truckers, and 13 hand trucks. Equipment and labor costs for this crew 
may be estimated in the manner described on pages 7 to 1) of this report. 

Similarly, transportation crew and equipment could be estimated for other 
rates of operation in the model plant or for operation with fork-truck equip- 
ment. Moreover, the basic requirements for trucking and setoff operation 
could be used to estimate requirements for plants differing in layout and 


specification from the model plant. 


SS eS SS SS ee a ee ee we ae ae ee ee Se. ee sce) es cee’ ee es ee ee 


11/ In regard to the crew organization required for in-plant transportation, 
it is clear that crew size must be changed in whole units. One may have 12 
truckers, or 13 truckers, but not 124 truckers. This "indivisibility" of 
workers and equipment means that as crew size in different plants is adjusted 
to the work load the costs change in discontinuous steps. Note, however, that 
these step adjustments do not occur at precise points as the rate of output 
changes but occur over a "zone" of output rates. In other words, relatively 
more workers are employed in some plants than would be indicated by the analy- 
sis. In other plants more intensive use than is indicated in the analysis may 
be made of the transportation equipment--for example, by working overtime 
hours, or by reducing the proportion of nonproductive time. This degree of 
flexibility is roughly accounted for in the estimates of transportation costs 
given in this report by basing the cost comparisons on the average cost at 
each step interval. 
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